We present a survey of diffuse O VI emission in the interstellar medium obtained with the Far Ultraviolet Spectroscopic Explorer (FUSE). Spanning 5.5 years of FUSE observations, from launch through 2004 December, our data set consists of 2925 exposures along 183 sight lines, including all of those with previously-published O VI detections. The data were processed using an implementation of CalFUSE v3.1 modified to optimize the signal-to-noise ratio and velocity scale of spectra from an aperture-filling source. Of our 183 sight lines, 73 show O VI λ1032 emission, 29 at > 3σ significance. Six of the 3σ features have velocities |v LSR | > 120 km s −1 , while the others have |v LSR | < 50 km s −1 . Measured intensities range from 1800 to 9100 LU, with a median of 3300 LU. Combining our results with published O VI absorption data, we find that an O VI-bearing interface in the local ISM yields an electron density n e = 0.2-0.3 cm −3 and a path length of 0.1 pc, while O VI-emitting regions associated with high-velocity clouds in the Galactic halo have densities an order of magnitude lower and path lengths two orders of magnitude longer. Though the O VI intensities along these sight lines are similar, the emission is produced by gas with very different properties.
INTRODUCTION
For gas in collisional ionization equilibrium, emission via the 1031.93 and 1037.62Å resonance lines of the lithium-like O VI ion is the dominant cooling mechanism at temperatures of (1-5) × 10 5 K (Sutherland & Dopita 1993) . Gas cools rapidly at these temperatures, so O VI in the interstellar medium (ISM) traces regions in transition: hot gas cooling through temperatures of a few times 10 5 K or interfaces between cool or warm gas (T = 10 2 -10 4 K) and hot gas (T = 10 6 K) where 10 5 K gas can form (Savage 1995) .
Absorption-line studies have begun to reveal the distribution of O VI-bearing gas in the Galaxy. (For an excellent review, see Savage & Lehner 2006 .) O VI absorption is detected in the spectra of UV-bright stars, QSOs, and AGNs (e.g., Wakker et al. 2003) . Measurements along sight lines through the Galactic halo indicate that the O VI-bearing gas is roughly co-spatial with the thick disk, having a scale height of about 2.3 kpc (Savage et al. 2003) . Within the thick disk, the distribution of O VI is patchy and varies on small angular scales (0.
• 05 − 5.
• 0 toward the Magellanic Clouds; Howk et al. 2002) . Measurements towards stars in the disk indicate that the O VI-bearing gas is extremely clumpy and cannot exist in uniform clouds (Bowen et al. 2006 ). These observations are consistent with the O VI being formed in interfaces (Savage & Lehner 2006) .
Emission-line studies provide additional insight into the properties of transition-temperature gas. While absorption-line studies reveal the velocity distribution of 1 Based on observations made with the NASA-CNES-CSA Far Ultraviolet Spectroscopic Explorer. FUSE is operated for NASA by the Johns Hopkins University under NASA contract NAS5-32985. Electronic address: wvd@pha.jhu.edu O VI-bearing gas along a line of sight, they are limited to sight lines with bright background sources. Emission-line observations can probe (and eventually map) the entire sky, but with lower spectral and spatial resolution. Particularly useful are measurements of O VI absorption and emission along a single line of sight. The absorption is proportional to the density of the gas, while the emission is proportional to the square of the density. If the same gas is responsible for both absorption and emission, these measurements can be combined to derive the electron density in the plasma (Shull & Slavin 1994) . Assuming a gas temperature and oxygen abundance, one can derive the O VI density and path length through the emitting gas.
Until recently, convincing detections of O VI emission from the diffuse interstellar medium were limited to fewer than a dozen sight lines probed with the Far Ultraviolet Spectroscopic Explorer (FUSE; Table 1 ). Reported intensities range from 1.6 to 3.3 × 10 3 LU. (One photon cm −2 s −1 sr −1 or line unit corresponds to 1.9 × 10 −11 erg cm −2 s −1 sr −1 at 1032Å.) Korpela et al. (2006) present a deep far-ultraviolet emission spectrum from a region of 15
• radius centered on the north ecliptic pole obtained with the Spectroscopy of Plasma Evolution from Astrophysical Radiation (SPEAR) instrument. They report a combined O VI λλ1032, 1038 intensity of 5724 LU, slightly higher than the initial FUSE results. Using archival data from the first four years of the FUSE mission, Otte & Dixon (2006) find measurable O VI λ1032 emission along 23 of 112 sight lines and conclude that their data are consistent with the picture derived from O VI absorption surveys: high-latitude sight lines probe O VI-emitting gas in a clumpy, thick disk, while low-latitude sight lines sample mixing layers and interfaces in the thin disk of the Galaxy. Unfortunately, the small size and low signal-to- 95.4 +36.1 1.6 ± 0.3 75 ± 3 −50 ± 30 2 S40561
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- (1) noise (S/N) ratio of their sample (only 11 of their O VI features are 3σ detections) limit their ability to constrain the properties of the emitting gas.
To better constrain the physical properties of O VIbearing gas in the ISM, we have conducted an extended FUSE survey of diffuse O VI emission in the interstellar medium, using all FUSE data obtained through 2004 December and the latest version of the CalFUSE calibration pipeline. The results are presented in this paper, which is organized as follows: In §2, we discuss the FUSE instrument and our selection of survey sight lines from the FUSE archive. In §3, we describe our data-reduction techniques, with emphasis on our modifications to the standard CalFUSE pipeline. §4 describes our method for identifying O VI emission features and measuring their parameters. We discuss our results in §5. In §6, we combine O VI emission and absorption data to derive the properties of O VI-bearing gas in the Galactic disk and thick disk/halo. Results are summarized in §7. An appendix discusses the origin of the emission seen toward sight lines P12011 and B12901. Unless otherwise noted, all wavelengths in this paper are heliocentric, and all velocities are quoted relative to the local standard of rest (LSR). We use the kinematical LSR, in which the standard solar motion is 20 km s −1 towards α = 18h, δ = +30
• (1900).
OBSERVATIONS
The FUSE instrument consists of four independent optical paths. Two employ LiF optical coatings and are sensitive to wavelengths from 990 to 1187Å, and two use SiC coatings, which provide reflectivity to the Lyman limit. The four channels overlap between 990 and 1070Å. Each channel possesses three apertures that simultaneously sample different parts of the sky. The low-resolution (LWRS) aperture is 30 ′′ × 30 ′′ in size. The mediumresolution (MDRS) aperture spans 4 ′′ × 20 ′′ and lies about 3.
′ 5 from the LWRS aperture. The high-resolution (HIRS) aperture lies midway between the MDRS and LWRS apertures and samples an area of 1.
′′ 25 × 20 ′′ . A fourth location, the reference point (RFPT), is offset from the HIRS aperture by 60 ′′ . When a star is placed at the reference point, all three apertures sample the background sky. For a complete description of FUSE, see Moos et al. (2000) and Sahnow et al. (2000) .
The data sets used in our survey fall into three categories. First are the S405, S505, and Z907 programs. S405 and S505 represent background observations, some near FUSE targets (with the target at the RFPT), others with the LWRS aperture centered on the orbit pole. The Z907 program consists of extragalactic targets intended as background sources for absorption-line studies. When these targets are sufficiently faint, we include them in our sample. Second, we searched the Multimission Archive at Space Telescope (MAST) for MDRS and HIRS observations of point sources obtained in time-tag mode, as their LWRS apertures should sample only background radiation. Third, we include all FUSE sight lines with previously-published detections of diffuse O VI emission (Table 1) .
We exclude from our sample all sight lines probing known supernova remnants or planetary nebulae, since these structures do not represent the diffuse interstellar medium. Sight lines that probe the Magellanic Clouds (Sankrit et al., in preparation), the Coalsack Nebula (Andersson et al. 2004) , and the emission nebula around KPD 0005+5106 (Otte, Dixon, & Sankrit 2004) are presented elsewhere and are not included here. This sample is a superset of that presented by Otte & Dixon (2006) , which includes only data obtained though 2003 July.
We use only data from the LiF 1A channel in our analysis. Because its sensitivity at 1032Å is more than twice that of any other channel, including data from other channels would reduce the signal-to-noise ratio of the resulting spectrum. We use only data obtained in time-tag mode, which preserves arrival time and pulse-height information for each photon event. This is the default observing mode for faint targets. Previous observers (e.g., Shelton et al. 2001; Shelton 2002; Otte, Dixon, & Sankrit 2003) have detected faint (presumably geocoronal) emission on the blue wing of the O VI λ1032 line in FUSE spectra obtained during orbital day, so we use only data obtained during orbital night. Individual exposures with less than 10 s of night exposure time are excluded from the survey, as are combined data sets with less than 1500 ks of total night exposure time or with significant continuum flux. Finally, we use only data obtained from launch (1999 June) through 2004 December. Table 2 lists the 183 sight lines in our survey and the FUSE observations contributing to each. Each observation consists of many exposures; our sample contains 2925 exposures from 375 observations. Note that we combine data from multiple observations -and sometimes multiple science programs -that sample the same or nearby lines of sight. The orientation of the FUSE spacecraft is specified by four quantities: the right ascension and declination of the target, the aperture in which the target is centered, and the astronomical roll angle (east of north) of the spacecraft about the target (and thus the center of the target aperture). The roll angle is constrained by operational requirements and varies throughout the year. Because we combine data sets without regard to the original target aperture (HIRS, MDRS, LWRS, or RFPT) or roll angle, a sight line listed in Table  2 may represent data obtained from regions of the sky separated by up to 7 arcmin (twice the distance between the LWRS and MDRS apertures). The distribution of survey sight lines on the sky is presented in Fig. 1 . The survey sample of Otte & Dixon (2006) is concentrated in two quadrants, the northern sky with 0
• < l < 180
• and the southern sky with 180
• < l < 360
• , due to observational constraints that reduced target availability in the orbit plane, which stretches across the Galactic center. Improvements in pointing control implemented later in the mission have partially filled in the other two quadrants, but the distribution remains skewed. Note especially the high concentration of targets in the region with 90
• and b > 30
• . This 1/16 of the sky contains more than twice as many targets as any other region of equal area.
DATA REDUCTION
The data are reduced using an implementation of CalFUSE v3.1, the latest version of the FUSE datareduction software package (Dixon et al., in preparation) , optimized for a faint, diffuse source. Specifically, the pipeline is instructed to reject data obtained during orbital day.
The first three modules of the pipeline (cf ttag init, cf convert to farf, and cf screen photons) are run as usual, then the file-header keywords SRC TYPE and APERTURE are set to EE and LWRS (to indicate an extended, emission-line source in the low-resolution aperture), respectively. Prematurely modifying these keywords confuses the screening routines, which can misinterpret a star drifting into the HIRS or MDRS aperture as a detector burst. The rest of the pipeline is run as usual, but with background subtraction turned off. Note that CalFUSE does not perform jitter correction, astigmatism correction, or optimal extraction on extended sources.
Apart from the above exceptions, we accept all of the default parameters defined by the pipeline. In particular, we accept all photon events with pulse heights in the range 2-25. To minimize the detector background, previous observers have imposed tighter pulse-height constraints, but we find that, because the mean pulse height of real photon events varies with time, reducing the range of allowed pulse heights can result in the rejection of real photon events for some time periods. We also accept the default spectral binning of 0.013Å, or approximately two detector pixels. The pipeline operates on one exposure at a time, producing a flux-and wavelength-calibrated spectrum from each. Error bars are computed assuming Gaussian ( √ N ) statistics. The FUSE wavelength scale is nominally heliocentric, but nonlinearities in early versions of the CalFUSE wavelength solution forced previous observers to derive their wavelength scales from measurements of nearby O I airglow lines. The wavelength solution employed by Cal-FUSE v3.1 is far more accurate, but uncertainties in its zero point must be corrected by hand. We fit a synthetic emission feature (described below) to the Lyman β airglow line of each extracted spectrum and compute the shift in pixels necessary to place the line at zero velocity in a geocentric reference frame. (Actually, we shift the Lyman β line to v geo = +0.5 km s −1 , which places the O I λ1027 line at rest. The fainter O I line is presumed to be less subject to detector effects that might skew its measured centroid.) Zero-point wavelength shifts are not random, but exhibit a periodicity on timescales of several hours. We take advantage of this fact for spectra with weak Lyman β features: if the line contains fewer than 200 raw counts, we do not attempt a fit, but interpolate a shift from the values computed for the other exposures. The spectra are combined using the program cf combine, which shifts and sums the individual extracted spectral files. Shelton et al. (2001) adopt the observed profile of the O I λ1039 airglow feature as the shape of an aperturefilling diffuse emission feature. We prefer to use a synthetic line profile, so fit this feature with a model emission line consisting of a top-hat function convolved with a Gaussian. The widths of both components are free parameters in the fit, as are the line intensity and centroid. Fits to 131 spectra with at least 500 counts in the line yield a best-fit width of 106.1 ± 3.4 km s −1 for the top hat and a FWHM = 25.4 ± 5.4 km s −1 for the Gaussian (where the error bars represent the standard deviation about the mean). Fits to the O I λ1027 airglow line yield similar results. The top hat represents the projection of the LWRS aperture onto the detector, while the Gaussian represents the finite resolution of the instrument. For point sources, the FUSE resolution is between 15 and 20 km s −1 , so a value of 25 km s −1 for a diffuse source is reasonable. Note that 106 km s −1 corresponds to 28 spectral pixels. Several previous observers have followed Dixon et al. (2001) in adopting an unconvolved top hat for the shape of a diffuse emission feature, convolving it with a Gaussian to match the observed O VI line profile, and reporting the FWHM of the Gaussian as the intrinsic width of the emission feature. By ignoring the instrumental contribution to the smoothing of the top-hat function, this technique over-estimates the intrinsic width of the emission profile. Fortunately, the error is small: 10% for a best-fit FWHM of 50 km s −1 , 1% for 150 km s −1 . To construct our model line profiles, we convolve the 106 km s −1 top-hat function with a single Gaussian, representing the combined effects of the intrinsic emission profile and the instrumental line-spread function. To optimize the model resolution, we employ a grid of 0.013 A pixels and, rather than binning the model to match the data, smooth it by convolving with a second top-hat function either 8 or 14 pixels wide. Each curve is normalized so that the best-fit scale factor reported by our fitting routine equals the line intensity in LU. We generate a series of curves with Gaussian FWHM values from 1 to 1000 km s −1 . Following Martin & Bowyer (1990) , we use an automated routine to search each composite spectrum for a statistically-significant emission feature near 1032Å. The calculation is performed using the WEIGHTS array, which is effectively raw counts for low count-rate data. (Dixon et al., in preparation , discuss the format of FUSE calibrated spectral files.) The mean value of the WEIGHTS array in the regions 1029-1030 and 1033.5-1036Å is adopted as the local continuum. At each pixel between 1030 and 1034Å, we bin the data by the width of an emission feature and determine the counts in excess of the mean. The significance of this excess is computed assuming Gaussian statistics. We repeat this process for bin widths from 25 to 30 pixels, or ∼ 94 to 113 km s −1 . From all combinations of central wavelength and line width, we select the most significant feature. If its significance is greater than 3σ, we record it as a detection. Table 3 lists our detection sight lines, Table 4 our non-detection sight lines. Our algorithm is designed to detect emission features that are ∼ 106 km s −1 in width; given our S/N, much narrower features are likely to be noise spikes, while much broader features are difficult to distinguish from the background.
MEASUREMENTS

Emission Line Profile
Detection of O VI Emission
Further analysis is performed on the flux-calibrated spectra, which are first binned to improve their signalto-noise ratio. If the local continuum level (computed above) is greater than 1.5 raw counts per 0.013Å pixel, we bin the spectrum by 8 pixels or 0.104Å. A diffuse emission feature is about 3.5 binned pixels wide. If the continuum level is less than 1.5, we bin by 14 pixels or 0.182Å, a value chosen so that a diffuse emission feature is spanned by 2 binned pixels. Most of our emission features are broad enough that 14-pixel binning provides sufficient spectral resolution; however, we find that emission features whose Gaussian components have FWHM values less than 100 km s −1 can be undersampled at this resolution, so we lower the threshold for 8-pixel binning to 0.5 raw counts per 0.013Å pixel for spectra containing these narrow features. The binning applied to each of our spectra is listed in Table 3 . After binning, the FLUX and ERROR arrays are converted from units of erg cm −2 s −1Å−1 to LU pixel −1 , and the ERROR array is smoothed by 5 pixels, which removes zero-valued error bars without significantly changing its shape.
To derive the line parameters of each emission feature, we fit model spectra to the flux-calibrated data using the nonlinear curve-fitting program SPECFIT (Kriss 1994) , which runs in the IRAF 2 environment, to perform a χ line profiles are described above. Table 3 , and plots of the spectra and bestfit models are presented in Figures 2 and 3 . In the table and figures, as throughout this paper, we distinguish between 3σ detections, for which I/σ(I) ≥ 3, and 2σ detections, for which I/σ(I) < 3. All of these features meet our requirement of having an intensity greater than three times the uncertainty in the local continuum and are thus statistically significant; however, to derive the physical properties of the O VI-bearing gas, we consider only those features whose intensities are certain at the 3σ level.
The FWHM values in Table 3 include the smoothing imparted by the instrument optics; values less than ∼ 25 km s −1 indicate that the emission does not fill the LWRS aperture. In such cases, the surface brightness of the emitting region will be underestimated, because the conversion to LU assumes that the emission fills the aperture, and the velocity of the emitting gas will be uncertain, because it may not be centered in the aperture.
The quoted uncertainties are the error bars returned by SPECFIT, which are obtained from the error matrix and correspond to a 1σ confidence interval for a single interesting parameter. For multi-parameter fits with more than one interesting parameter, this method can underestimate the true uncertainty in each, so we have computed more rigorous error bars for sight line I20509 (for which the S/N is high and the O VI λ1032 line is broad) in the following way: For each model parameter, we begin with the best-fit value, then increase it, while re-optimizing the other model parameters, until χ 2 increases by 1.0 (Press et al. 1988) . We find that the two methods yield identical error bars, suggesting that the SPECFIT errors are sufficient for well-sampled spectra.
Both the FUSE flux calibration, which is based on theoretical models of white-dwarf stellar atmospheres, and the solid angle of the LWRS aperture are known to within about 10% (Sahnow et al. 2000) . Added in quadrature, they contribute a systematic uncertainty of ∼ 14% (Shelton et al. 2001 ) in addition to the statistical uncertainties quoted in Table 3 .
Our best-fit line intensities are lower limits, in the sense that the intrinsic O VI intensity may be higher than is observed. We discuss the effects of dust extinction in §5.1. Resonance scattering within the O VI-bearing gas can also have a strong effect on the observed intensity. For an optically thin gas, the intensity ratio I 1032 /I 1038 = 2, whereas an optically thick plasma yields a ratio of unity. Since the O VI λ1038 line is generally difficult to measure (as mentioned above) and its intensity has a large uncertainty, the resulting line ratio is usually inconclusive. We therefore do not attempt to estimate the self absorption along our detection sight lines.
Because molecular hydrogen is ubiquitous in the ISM, we must consider the effects of H 2 absorption and emission on our results. The H 2 features nearest O VI λ1032 are the Lyman (6,0) P (3) and R(4) lines at 1031.19 and 1032.36Å, respectively, but these features are weak in cold (∼ 100 K), diffuse clouds (Shull et al. 2000) and will not significantly reduce the observed intensity of the O VI λ1032 feature. Another possibility is that fluorescent H 2 contributes to the observed O VI emission. Following Shelton et al. (2001) , we search for the Werner (0,1) P (3) λ1058.82 line, which for cool clouds bathed in ultraviolet light should be at least 50% brighter than any of the H 2 emission lines between 1030 and 1040Å (Sternberg 1989) , but none of our 3σ sight lines exhibits a statistically significant emission feature near 1059Å.
Upper Limits on O VI Emission
For non-detection sight lines, we compute 3σ upper limits to the intensity of an O VI emission feature using the mean value of the FLUX array between 1030 and 1035Å and assuming a line width of 28 pixels (106 km s −1 ). The resulting limits are given in Table 4 . To obtain more data points with long integration times, we repeat the exercise using our detection sight lines, but masking out the O VI line when computing the continuum level. 
Comparison with Previously-Published Sight Lines
It is instructive to compare our results with the previously-published values listed in Table 1 . Four of the published sight lines, A11701, B00303, B00302, and P11003, fail one or more of our statistical filters. A11701 yields only an upper limit on the O VI intensity, while the other three produce 2σ detections. In three of these four cases, the original analysis used both day and night data, which explains our lower S/N ratios. Similarly, CalFUSE rejects most of the night exposure time for sight line S40561 due to limb-angle violations, raising our upper limit on the O VI intensity. For sight line S40548, we obtain the published line intensity if we fix the Gaussian line width to be 75 km s −1 , but find the best-fit intensity and Gaussian FWHM to be a factor of two larger. Sight line B12901 is discussed in § A.2. The remaining sight lines, A11703 and I20509, yield 3σ detections in our survey. In both cases, our intensities and derived FHWM values agree (within the errors) with the previously-published values. In neither case do our LSR velocities agree, illustrating the difficulty of deriving an accurate wavelength scale from nearby airglow features, as previous authors were required to do.
The results of Otte & Dixon (2006) are not included in Table 1 . Comparison with their results is complicated by the fact that several of their sight lines appear in our survey with additional exposure time or combined with nearby lines of sight. Even so, when they report a 3σ detection, their best-fit line parameters generally agree with ours within the quoted errors. The recent SPEAR results are discussed in §5.2.
RESULTS
Measured O VI λ1032 intensities and upper limits for our survey sight lines are presented in Fig. 4 . O VI emission is detected at 3σ significance along 29 lines of sight. Measured intensities range from 1800 to 9100 LU, with a median of 3300 LU, an average of 3900 LU, and a standard deviation 1900 LU. An additional 44 sight lines exhibit O VI λ1032 emission at lower significance, while 110 non-detection sight lines provide 3σ upper limits on the O VI intensity, 35 of them less than 2000 LU. The median value of all the 3σ limits is 2600 LU. The upper limits are strongly correlated with exposure time and generally lower than the measured intensities along detection sight lines with comparable exposure time. For our complete sample, the O VI detection rate (at 3σ significance) is 16%. If we consider only sight lines with exposure times greater than 18 ks (for which 3σ upper limits are less than 2000 LU), the detection rate rises to 30%.
Dust Extinction
UV emission is strongly attenuated by interstellar extinction. A color excess E(B − V ) of 0.05 magnitudes reduces the flux at 1032Å by a factor of 2, and a color excess of 0.18 magnitudes by a factor of 10 (Fitzpatrick 1999) . Thus, when we detect O VI emission in a direction with high extinction, we assume that the emission arises in the local ISM, i.e., closer than the dust causing most of the extinction. On the other hand, emission detected in directions of low extinction does not necessarily arise in the distant ISM, but may come from relatively nearby gas. Figure 5 presents a plot of color excess versus sin |b|, where b is the Galactic latitude, for each sight line in our survey. We see that extinction falls rapidly as one moves away from the Galactic plane. We caution that interstellar extinction is variable on small spatial scales, and the Schlegel, Finkbeiner, & Davis (1998) 
O VI Emission-Line Intensities
In Fig. 6 , we plot O VI intensity against sin |b|, where b is the Galactic latitude of the observed sight line. The emission features plotted as open circles have absolute velocities greater than 120 km s −1 . We discuss these sight lines and their possible relationship with high-velocity clouds (HVCs) in § 5.3. Of the 23 low-velocity sight lines, two have O VI intensities greater than 8000 LU, while the others range from 1800 to 5500 LU. Both high-intensity sight lines probe regions known to be energized by hot stars and supernova remnants. P12011 (discussed in § A.1) intersects the Monogem Ring, which is about 800 pc away, and S50508 probes the outskirts of the Vela supernova remnant (250 pc distant) and the Gum Nebula, which probably lies somewhat beyond Vela.
Based on observations with SPEAR, Korpela et al. (2006) report a combined O VI λλ1032, 1038 intensity of 5724 ± 570 (statistical) ± 1100 (systematic) LU for the region of 15
• radius centered on the north ecliptic pole (l = 123, b = +29
• ). The grey cross in Fig. 6 represents the SPEAR sight line. Its intensity is consistent with the FUSE data points in this latitude range. Two of our 3σ detections and one of our strong upper limits lie within the region sampled by SPEAR: P10429 (I(1032) = 2900 ± 800 LU), Z90715 (I(1032) = 4400 ± 1400 LU), and D11701 (I(1032) < 1400 LU).
Restricting our attention to the low-velocity, lowintensity O VI measurements plotted in Fig. 6 , we note that the sight lines at high latitude tend to be fainter than average. The median intensity for this sample of 21 detections is 3500 LU, with a 95% confidence interval of (2700, 4500) LU. The median intensity for sight lines with sin |b| < 0.7 is 4100 LU with confidence interval (3100, 4400) LU. For sight lines with sin |b| > 0.7, these values are 2200 LU, (1800, 3700) LU. The median estimates for the two groups are quite different, but the 95% confidence intervals overlap. The overlap is driven by a single high-latitude point (A11703, at 3700 LU), which determines the upper limit of the confidence interval for its group. Although the equality of medians cannot be Korpela et al. 2006. statistically excluded (at the 95% level), the data suggest that O VI emission tends to be fainter at high than at low latitudes.
A variation in the O VI intensity with latitude might result from either of two competing effects: First, interstellar extinction falls steeply as one moves off the Galactic plane (Fig. 5) , so attenuation is lower at high latitudes. Second, the path length through the Galactic disk scales inversely with sin |b|, so high-latitude sight lines may intersect fewer O VI-bearing regions. We have calculated the relative importance of these effects for a uniform distribution of O VI-bearing clouds in the disk, assuming that the extinction is local. At low latitudes (sin |b| < 0.1), attenuation dominates completely, and the observed emission must come from nearby regions. Intensities rise gradually for 0.1 < sin |b| < 0.4, as the extinction decreases faster than the path length. At high latitudes, the two effects nearly cancel, and intensities are roughly constant for sin |b| > 0.4. Models assuming an exponential distribution of the O VI-bearing clouds yield similar results. Thus, the low O VI intensities seen along sight lines with sin |b| > 0.7 in Fig. 6 cannot be explained only by differences in path length. We suggest that the O VI-emitting regions at high latitudes are intrinsically fainter than those at low latitudes. The faint regions likely constitute a population in the thick disk or halo (perhaps with properties similar to those of the HVCs located in the same region of Fig. 6 ), while the brighter regions lie in the disk of the Galaxy. It is possible that the O VI detected along mid-latitude sight lines includes both disk and thick-disk emission, but for the lowest-latitude sight lines, the emitting regions necessarily lie in the disk.
O VI Emission-Line Velocities
The six 3σ detections plotted as open circles in Fig. 6 have absolute velocities greater than 120 km s −1 , corresponding to the velocities of HVCs. O VI absorp-tion associated with H I high-velocity clouds was first detected by Sembach et al. (2000) and Murphy et al. (2000) . Savage et al. (2003) report that, when a known H I HVC is present along a line of sight to an object, high-velocity O VI absorption spanning the approximate velocity range of the H I HVC is usually seen. The association of O VI with HVCs suggests that the O VI may be produced at interfaces between the H I clouds and hot, low-density gas in the Galactic corona or Local Group.
Two of our high-velocity sight lines, B12901 and S40549, intersect known H I HVCs and share the clouds' velocities. B12901 intersects the Magellanic Stream, while S40549 probes the HVC known as Complex C (see Fig. 16 of Wakker et al. 2003 and Figs. 11 and 13 of Sembach et al. 2003) . These sight lines are discussed in §6.2. Sight line S40543, which is near S40549 on the sky, also intersects Complex C. The emission in S40543 has a high positive velocity, while Complex C has a high negative velocity; however, high-positive-velocity O VI absorption is seen nearby . Sight lines C06401 and S30402 do not intersect HVCs. P10414 and S30402 probe low-latitude sight lines with high extinction, so their emission probably originates in the nearby disk (but see the discussion of patchy extinction in § A.2). Perhaps they sample fast-moving gas in previously undetected supernova remnants. (Note that the Hα intensity along S30402 is unusually high.) In Fig. 7 , the LSR velocities of our low-velocity 3σ emission features are plotted against sin |b|. The data set with the longest exposure time, and thus the highest S/N, is S50510. We fit its spectrum with a model similar to that used to parameterize the O I λ1039 airglow line: a top-hat function convolved with a Gaussian. The width of the top hat, together with the line intensity and centroid, are free parameters in the fit, but the Gaussian FWHM is fixed at 15 km s −1 , the instrumental resolution for a point source. (If allowed to vary freely, the Gaussian FWHM falls below 1 km s −1 .) For numerical simplicity, we fit the raw-counts spectrum, first binning the data by four pixels, which the raises the background to ∼ 10 counts per binned pixel. The width of the best-fit top-hat function is 80 ± 15 km s −1 , significantly less than the 106 km s −1 width of an aperturefilling emission feature. By simple scaling, we derive an angular size of about 23
′′ for the emitting region. Its spa- tial scale is distance dependent; at a distance of 1 kpc, 23
′′ corresponds to about 0.1 pc.
Comparison with Hα and Soft X-ray Emission
Perusal of the Hα map produced by the Wisconsin H-Alpha Mapper (WHAM) Northern Sky Survey (Haffner et al. 2003 ) reveals that our O VI detection sight lines probe a variety of environments: toward H II regions, filaments, and bubbles, as well as toward faint, featureless, ionized gas. For each of our sight lines, Tables 3 and 4 list the Hα intensities (integrated over one degree on the sky and over the velocity range −80 km s −1 < v < +80 km s −1 ) measured by WHAM. We find no correlation between the O VI and Hα intensities.
One possible origin of the observed O VI emission is hot gas cooling from temperatures of 10 6 K or more. Gas at these temperatures is observable in the soft X-ray (SXR) regime. Figure 8 presents the distribution of our 3σ detections and strong upper limits on a map of the 1/4 keV X-ray sky observed with ROSAT (Snowden et al. 1997) . Prominent features include the North Polar Spur, which arches from (l, b) = (30, +30) to (290, +60) and may be probed by sight line A11703 (284, +75); the Vela supernova remnant at (260, −5), whose outer regions may be probed by sight line S50508 (257, −4); and the Monogem Ring, a supernova remnant centered near (205, +15), which may be probed by sight line P12011 (194, +13) . Tables 3 and 4 list the ROSAT 1/4 keV SXR emission observed toward each of our sight lines. We find no correlation between the O VI and SXR intensities. In their O VI absorption-line survey, Savage et al. (2003) find no significant correlation between N (O VI) and either I(H α ) or I(SXR).
PROPERTIES OF THE O VI-BEARING GAS
Measurements of O VI emission and absorption can be combined to provide valuable diagnostics of the O VIbearing gas, so long as both probe the same interface or transition region. For a particular region, the intensity scales as n 2 e L, where n e is the electron density and L the path length through the region, while the column density scales as n e L. From the ratio I(O VI)/N (O VI), we can derive the electron density of the plasma (Shull & Slavin 1994) and, assuming an oxygen abundance, the path length through it. This calculation assumes that the density of the region is uniform. Despite this simplification, our results should be correct to within an order of magnitude.
A typical sight line through the Galaxy could intersect several O VI regions, each of which would contribute differently to the total O VI column density and intensity. Because we lack the spectral resolution to isolate the contributions of individual regions, we must identify cases in which the integrated O VI column density and intensity can be attributed to a single region. The likelihood that absorption and emission sight lines probe the same O VI region is highest for nearby stars: at a distance of 100 pc, the 3.
′ 5 offset between the FUSE LWRS and MDRS apertures corresponds to ∼ 0.1 pc. Moreover, sight lines to nearby stars are more likely to intersect only a single interface or transition region than sight lines to distant objects. We discuss one such sight line in §6.1. For more distant emitting regions, such as the HVCs discussed in §6.2, we equate the absorbing and emitting gas based on their velocities and consider the range of reported O VI column densities for the HVC.
O VI-Bearing
Gas in the Galactic Disk Four of our 3σ sight lines correspond to nearby white dwarfs in the O VI absorption-line survey of Savage & Lehner (2006) . Their O VI absorption-line measurements and our O VI emission-line velocities are presented in Table 5 . (Note that the velocities in Table  5 are heliocentric.) The best case in our sample for combining emission and absorption measurements is sight line P20411. The velocity of its O VI emission (v Helio = −6 ± 15 km s −1 ) is consistent with that of the O VI absorption (v Helio = −3.8 ± 3.6 km s −1 ; Savage & Lehner 2006) measured toward WD 0004+330 (GD 2), a DA white dwarf at a distance of 97 pc (Vennes et al. 1997 ). The relative narrowness of the O VI emission feature (the best-fit value of the intrinsic Gaussian FWHM is 60 ± 40 km s −1 ) suggests that it probes a single emitting region. P20411 was observed with the MDRS aperture centered on the star, so the LWRS aperture probes a sight line passing within ∼ 0.1 pc of the white dwarf.
The spectrum of GD 2 shows absorption from molecular hydrogen with a column density log N (H 2 ) = 14.46 (cm −2 ; Lehner et al. 2003) . Since H 2 is assumed to form on dust grains, we must consider the possibility of dust extinction along this line of sight. To estimate the extinction toward this star, we compare it with HZ 43, another nearby DA white dwarf that shows no H 2 absorption. Finley, Koester, & Basri (1997) derive effective temperatures of 49,360 and 50,822 K for GD 2 and HZ 43, respectively. If their temperatures are nearly equal, then any difference in their B −V colors is likely due to reddening toward GD 2. These colors are −0.29 and −0.31 magnitudes for GD 2 and HZ 43, respectively (Eggen 1968; Bohlin et al. 2001) , meaning that E(B −V ) = 0.02 toward GD 2, which corresponds to an attenuation of 30% at 1032Å (Fitzpatrick 1999) . More recent analyses suggest that GD 2 is somewhat cooler than HZ 43 (for example, Barstow et al. 2003 derive temperatures of 45,460 and 46,196 K from the star's Balmer and Lyman lines, respectively), which would explain the color difference without invoking dust, so we will treat this reddening as an upper limit.
The observed O VI λ1032 intensity is 2100 LU and the absorbing column is N (O VI) = 6.2 × 10 12 cm −2 . We assume that the intrinsic intensity of the O VI λ1038 emission is half that of the 1032Å line, as would be expected if the gas were optically thin. Assuming a temperature of 2. To calculate the O VI density and the path length through the emitting region, we need the oxygen abundance and the fraction of oxygen in O +5 . Oliveira et al. (2005) derive a mean O/H ratio for the Local Bubble of (3.45 ± 0.19) × 10 −4 . For plasmas in collisional ionization equilibrium, the O +5 fraction peaks at 22% when the gas temperature is 2.8 × 10 5 K (Sutherland & Dopita 1993) . With these values, and assuming that the gas is completely ionized (n e = 1.2n H ), we derive an O VI density of 1.4 × 10 −5 cm −3 and a path length through the gas of ∼ 4.4 × 10 17 cm or 0.14 pc for zero reddening. If E(B −V ) = 0.02, the O VI density and the path length through the gas become 1.8 × 10 −5 cm −3 and 0.11 pc, respectively. Savage & Lehner (2006) report that the O VI absorption feature in the spectrum of GD 2 is well detected (4.8σ) and closely aligned in velocity with the C II and O I absorption, consistent with O VI formation in a condensing interface between the cool gas traced by the C II and O I and a hot exterior gas. Böhringer & Hartquist (1987) model conductive interfaces around spherical interstellar clouds embedded in a hot interstellar medium. One of their models (model H) assumes a cloud of radius 3 × 10 17 cm in an external medium of temperature 5 × 10 5 K. The model predicts a particle density at the cloud surface of n 0 = 0.73 cm −3 (our mean cloud density is n = 0.40 cm −3 ), a column density through the interface region of N (O VI) = 3.2 × 10 12 cm −2 , and a mean temperature for the O +5 ions of 4.7 × 10 5 K. These predictions are within a factor of 2 of our derived cloud parameters. The high temperature is a general feature of the Böhringer & Hartquist models.
Another white-dwarf sight line worthy of comment is P10411 (WD 0455−282). While the velocities of its principal O VI emission and absorption components disagree, Holberg, Barstow, & Sion (1998) report Si IV and C IV absorption in IUE spectra of this star at v Helio = 16.21 ± 2.66 km s −1 , and Savage & Lehner (2006) report weak O VI absorption at the same velocity. Holberg et al. argue that this absorption is circumstellar, rather than interstellar. If so, the emission that we observe at v Helio = 7 ± 9 km s −1 may come from this circumstellar material. With an effective temperature T eff = 57,200 K, the white dwarf is too cool to produce O +5 through photoionization, so the emission must be powered by shocks in the circumstellar material, perhaps generated by the interaction of material from previous episodes of mass loss. This mechanism is at work in planetary nebulae (Villaver et al. 2002) , and high-ionization lines have been observed in the spectra of low-T eff central stars of planetary nebulae (J. Herald, private communication).
O VI-Bearing Gas in High-Velocity Clouds
Two of our high-velocity sight lines, B12901 and S40549, intersect known H I HVCs and share the clouds' velocities ( § 5.3). Data set B12901 consists of spectra obtained along three closely-spaced sight lines that probe the Magellanic Stream, but only one of them, I2050501/I2050510, exhibits significant O VI λ1032 emission ( § A.2). Its LSR velocity is 206 ± 13 km s −1 , and its intensity is 3000 ± 600 LU (Table 6 ). The O VI column densities of HVCs associated with the positive-velocity portion of the Magellanic Stream range from log N = 13.78 to 14.33. Their velocities range from 183 to 330 km s −1 with a mean of 232 km s −1 . Combining these absorption and emission measurements, we derive an electron density for the O VI-bearing gas of 0.01-0.03 cm −3 . Adopting the LMC oxygen abundance (2.24 × 10 −4 O atoms per H atom; Russell & Dopita 1992), we find a path length through the emitting gas of 16-200 pc.
Sight line S40549, with v LSR = −172 ± 9 km s −1 and I(1032) = 8200±2300 LU, probes Complex C, a large assembly of high-velocity (−170 v LSR −100 km s −1 ) H I in the northern Galactic sky between l ∼ 30
• and l ∼ 150
• . Measured O VI column densities for sight lines through Complex C range from log N = 13.67 to 14.22 . From these values, we derive an electron density for the O VI-bearing gas of 0.03-0.11 cm −3 . Assuming a Galactic O/H ratio of 6.61 × 10 −4
(Allen 1973), we find a path length through the emitting gas of 1.1-14 pc. The color excess toward S40549 is E(B −V ) = 0.02 (Table 3) , which attenuates emission at 1032Å by 30% (Fitzpatrick 1999) . Correcting for this attenuation raises the electron density and reduces the path length through the emitting gas by the same factor. We expect the extinction along sight line B12901 to be similar, as the reddening in this region is patchy and quite low along nearby sight lines ( § A.2). The emitting regions probed by sight lines B12901 and S40549 appear to span an order of magnitude in n e and two orders of magnitude in path length. While this spread may reflect real variations in the properties of thick disk/halo gas, we should note that S40549 is one of the shortest exposures in our sample. Its O VI λ1032 feature is both extremely narrow (FWHM = 2 ± 20 km s −1 ) and unusually bright. Careful analysis confirms that this feature is statistically significant at the 3σ level; however, additional exposure time would be helpful to confirm this result.
Limits on the Gas Density
Along sight lines through the Galactic disk, most of the O VI column densities measured to date lie in the range log N (O VI) = 12.6 to 14.0, and along sight lines through the Galactic halo, in the range log N (O VI) = 13.7 to 14.7 (Savage et al. 2003) . Excluding emission associated with known SNRs and the short S40549 exposure discussed in § 6.2, our O VI λ1032 intensities also span a narrow range, from 1800 to 5500 LU. (The lower bound reflects our sensitivity limits.) The restricted range of observed column densities, together with the narrow range of our measured intensities, suggests that the volume densities of the O VI-bearing gas are likewise limited. We have found two flavors of O VI-bearing gas: narrow interfaces in the Galactic disk with densities of about 0.1 cm −3 and more extended cooling regions in the Galactic halo with densities of about 0.01 cm −3 . We argue that, in general, the volume densities of O VI-bearing gas in the Galactic disk and halo are unlikely to differ significantly from our derived values. Indeed, the observed range of O VI intensities is consistent with a constant volume density in each environment, with O VI column density as the only variable. In particular, our observations rule out the general presence of O VI-bearing thermal interfaces or cooling regions with densities of 1 to 10 cm −3 or greater.
Our observations do not rule out the presence of hot, low-density gas with significant O VI column densities. Heckman et al. (2002) have shown that, for radiatively cooling gas, the O VI column density at a temperature of 2×10
6 K is comparable with that at 3×10 5 K because, though the O VI fraction is smaller at the higher temperature, the cooling times are much longer. The O VI emission from such regions would be too weak for detection by FUSE because their emission measure would be too low.
SUMMARY
We have conducted a survey of diffuse O VI λ1032 emission in the Galaxy using archival data from the Far Ultraviolet Spectroscopic Explorer (FUSE). Of our 183 sight lines, 29 show O VI emission at 3σ significance. Measured intensities range from 1800 to 9100 LU, with a median of 3300 LU. An additional 35 sight lines provide upper limits of 2000 LU or less. Though the presence of O VI emission along low-latitude, high-extinction sight lines suggests that these emitting regions are nearby (probably within a few hundred parsecs), other emitting regions are more likely to be associated with HVCs in the Galactic halo.
Analysis of 21 low-velocity, low-intensity, 3σ emission features reveals that the O VI-emitting regions at high latitudes are intrinsically fainter than those at low latitudes and may represent a distinct population of emitters. Line velocities are generally consistent with a simple model of Galactic rotation. Some of the O VI-emitting regions appear to have angular sizes smaller than the FUSE LWRS aperture, which places a distancedependent constraint on their physical size. By combining emission and absorption measurements through the same O VI-bearing regions, we find evidence for relatively narrow, high-density conductive interfaces in the local ISM and more extended, low-density regions in HVCs. Based on the narrow range of O VI intensities in our sample and of O VI column densities in the Galactic disk and halo, we argue that the volume densities of O VIbearing regions in each environment are unlikely to differ significantly from our derived values.
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A.1. P12011 and P12012 (Jupiter)
Our sample includes two observations of Jupiter (P12011 and P12012) designed to search for HD fluorescently pumped by solar Lyman β emission. In both cases, the MDRS aperture was centered on the planet, and the LWRS aperture was offset by 3.5 arcmin (or 10.3 Jupiter radii) in a direction perpendicular to the plane of the Jovian system. No O VI emission is present in the P12012 spectrum (α = 07:06:57.55, δ = +22:24:10.1, J2000), but a 3σ feature is seen in P12011 (α = 07:06:36.64, δ = +22:24:32.0). The heliocentric velocity of the P12011 feature is −0.2 ± 25 km s −1 , suggesting that the emission may have a local origin. If it were scattered solar O VI emission, we would expect to see emission from C III λ977 as well, but none is present in the SiC 2A spectrum from this observation. Another possibility is that the observed emission is due to H 2 fluorescence, but comet spectra that show strong H 2 fluorescence near 1032Å also exhibit a strong 1163.7Å line (P. D. Feldman 2005, private communication), which is not seen in the LiF 1B spectrum from this observation. We conclude that the observed O VI is of interstellar origin.
A.2. B12901
The FUSE observations of sight line B12901 were originally designed as a shadowing experiment to search for O VI emission arising in the Local Bubble (Shelton 2003) . This sight line intersects a diffuse interstellar filament at a distance of 230 ± 30 pc (Penprase et al. 1998 ), well beyond the ∼ 100 pc radius of the Local Bubble (Snowden et al. 1998) . As its mean color excess is E(B − V ) = 0.17 ± 0.05 (Penprase et al. 1998) , it was assumed that any O VI emission would have to come from material closer than the filament, presumably the Local Bubble itself.
We detect an O VI λ1032 emission feature of some 3σ significance in this spectrum, but with a velocity v LSR = 192±19 km s −1 , the emission is unlikely to originate in either the Local Bubble or the intervening filament. O VI λ1032 absorption features in the spectra of nearby white dwarfs exhibit velocities |v| < 40 km s −1 (relative to the ISM as defined by the C II λ1036 line; Oegerle et al. 2005) , and neutral gas in the filament moves at 0 < v LSR < 10 km s −1 (Penprase et al. 1998 ). Penprase et al. find that the filament is patchy, with E(B −V ) ≤ 0.01 toward some background stars. Maps of the high-velocity H I sky published by Sembach et al. (2003) and Wakker et al. (2003) reveal that sight line B12901 probes an HVC with v LSR ∼ 200 km s −1 that is associated with the Magellanic Stream. We conclude that the observed emission is produced by O VI-bearing gas associated with the HVC.
Data set B12901 consists of five observations (Table 2 ) along three closely-spaced sight lines. Since the filament is patchy, we searched for O VI emission along each sight line separately, using the technique described in § 4. Our results are presented in Table 6 : we find a strong O VI λ1032 feature in the combined I2050501/I2050510 spectrum and can set only upper limits on emission in the I2050601 and combined B1290101/B1290102 spectra. The two I205 sight lines are separated by approximately 30
′′ . The strong variation in O VI intensity over such small angular scales is consistent with a patchy distribution of extinction in the filament.
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